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(54) Pneumatic tire

(57) The present invention aims to improve the wet
performance while securing steering stability and hold-
ing down degradations in noise performance to mini-
mum, and for this purpose, a pneumatic tire (1) in which
blocks (B) are disposed at intervals at a tread portion
thereof is arranged in that concave blocks (B0) with
stepped concave portions (10) that extend along block

side edges, which face circumferential main grooves
(3), and having a depth from a block top surface that
corresponds to 20 to 70% of a block height are provided.
The concave portions have a length in a tire circumfer-
ential direction of 40 to 95% of a length of the block side
edges in the tire circumferential direction and a width in
a tire axial direction of 2 to 20 mm.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a pneumatic tire in which the provision of stepped concave portions at side
edges that extend along circumferential main grooves of blocks has lead to securement of steering stability and to
improved wet performance while restricting decrease in noise performance.

2. Description of the Prior Art

[0002] Tread portions are usually formed with tread grooves composed of circumferential main grooves extending
in a circumferential direction of a tire and lateral grooves in directions orthogonal thereto. By setting a groove width of
the tread grooves, and particularly a groove width of the circumferential main grooves, to be large, improvements in
drainage properties and wet performance are achieved. However, an increase in groove width also exhibits the draw-
back in that it leads to inferior pattern rigidity that causes degradations in steering stability and increases in tire noises.
[0003] In such a manner, there exists a contradicting relationship between wet performance and noise performance
as well as steering stability, and it is strongly being wanted for an advent of tires with both features being improved,
and particularly to radial tires for use in passenger cars.

SUMMARY OF THE INVENTION

[0004] The present invention thus aims to provide a pneumatic tire that is created on the basis of forming stepped
concave portions of specified sizes at side edges that extend along circumferential main grooves of blocks, and that
is capable of improving the wet performance while securing steering stability and while restricting decreases in noise
performance to minimum.
[0005] For achieving this object, the invention according to a first aspect of the present application is a pneumatic
tire in which blocks, which are partitioned through circumferential main grooves extending in a circumferential direction
of the tire and lateral main grooves in directions orthogonal thereto, are disposed at intervals at a tread portion,

wherein the blocks include, at block side edges that face the circumferential main grooves, concave blocks in-
cluding stepped concave portions extending along the block side edges,

wherein the concave portions have a depth ha from a block top surface that corresponds to 20 to 70% of a block
height H0 of the concave blocks, a length La of the concave portions in the tire circumferential direction that corresponds
to 40 to 95% of a circumferential length L0 of the block side edges, and an axial width Wa of the concave portions of
the tire of 2 to 20 mm.
[0006] Due to the above arrangement of the present invention, it is possible to improve the wet performance while
securing steering stability and while restricting decreases in noise performance to minimum.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

Fig. 1 is an exploded view in which one embodiment of a tread pattern of the pneumatic tire of the present invention
is illustrated in exploded form;
Fig. 2 is a plan view in which a concave block is illustrated in expanded form;
Fig. 3 is a sectional view in which a concave portion of the concave block is illustrated;
Fig. 4 is a perspective view conceptually illustrating the concave block;
Figs. 5 (A) and 5(B) are a plan view and a sectional view, respectively, illustrating another example of small grooves;
Figs. 6 (A) and 6 (B) are a plan view and a sectional view, respectively, illustrating still another example of small
grooves; and
Fig. 7 is a plan view illustrating another example of the concave block.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0008] One embodiment of the present invention will now be explained on the basis of illustrated examples thereof.
Fig. 1 is an exploded view in which one embodiment of a tread pattern of the pneumatic tire of the present invention
is shown.
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[0009] In Fig. 1, the pneumatic tire 1 according to the present embodiment includes, at a tread portion 2 thereof,
tread grooves 5 which are composed of circumferential main grooves 3 extending in a circumferential direction of the
tire, and lateral grooves 4 in directions orthogonal thereto. With this arrangement, tread patterns of block type or block/
rib type in which blocks B partitioned by the tread grooves 5 are disposed at intervals are formed at the tread portion 2.
[0010] The present example illustrates a case in which the circumferential main grooves 3 are composed of inner
circumferential main grooves 3a that are disposed on each side of a tire equator C and outer circumferential main
grooves 3b that are disposed outside thereof, and the lateral grooves 4 are composed of a plurality of inner lateral
grooves 4a that passes over between the inner and outer circumferential main grooves 3a, 3b and a plurality of outer
lateral grooves 4b that extends from the outer circumferential main grooves 3b over tread ends Te towards outside in
an axial direction of the tire. With this arrangement, the tread portion 2 is formed with tread pattern of block/rib type
composed of a central rib R extending on the tire equator C, rows of inner blocks Ba that are aligned in the tire circum-
ferential direction on each side thereof, and rows of outer blocks Bb aligned in the tire circumferential direction further
outside thereof.
[0011] In the present invention, at least a part of the blocks from among the blocks B is formed as concave blocks
B0 in which stepped concave portions 10 are provided at block side edges E that face towards the circumferential main
grooves 3.
[0012] The present example illustrates a case in which the inner blocks Ba are the concave blocks B0. As illustrated
in Figs. 2 to 4, the concave blocks B0 are arranged in that the concave portions 10 are formed at block side edges Ei
inside in the tire axial direction (tire equator side) from among the block side edges E on each side thereof.
[0013] Each concave portion 10 is a stepped notch that extends along the block side edge Ei and that has a bottom
surface 10s that is substantially parallel to a block top surface S. At the concave portion 10, a depth ha from the block
top surface S to the bottom surface 10s is set in a range between 20 to 70% of a block height H0. A length La of the
concave portion 10 in the tire circumferential direction is set in a range between 40 to 95% of a circumferential length
L0 of the block side edges Ei while an axial width Wa of the concave portion 10 is set in a range between 2 to 20 mm.
[0014] Since such concave portions 10 substantially reduce the land ratio, which is a ratio of a surface area of the
blocks B accounting in the total area of the tread surface (actual grounding area), it is possible to achieve improvements
in the wet performance such as enhancing drainage properties. When performing running on a dry road surface, the
concave portions 10 will disturb airflow passing through the circumferential main grooves 3a. This arrangement makes
it possible to restrict air core resonance and to improve the noise performance. Moreover, since the concave portions
10 are formed by notching a part of the block side edges Ei in a stepped manner, it is possible to hold down degradations
in the block rigidity and thus to maintain steering stability.
[0015] For this purpose, the depth ha, the circumferential length La and the axial width Wa of the concave portions
10 are defined to be within the above-described ranges. When the depth ha is less than 20% of the block height H0,
when the length La in the tire circumferential direction is less than 40% of the length LO and when the axial width Wa
is less than 2 mm, the concave portions 10 will be too small so that it is impossible to exhibit effects of improving the
wet performance. On the other hand, when the depth ha is larger than 70% of the block height H0, when the length
La in the tire circumferential direction is larger than 95% of the length LO and/or when the axial width Wa is larger than
20 mm, the concave portions 10 will be too large. As a result, degradations in block rigidity will be remarkable so that
it will be difficult to maintain the steering stability which leads to degradations in noise performance.
[0016] In view of these aspects, it is preferable to set, for the depth ha, its lower limit value to not less than 40% of
H0 and its upper limit value to not more than 60%. As for the length La in the tire circumferential direction, the lower
limit value is set to be not less than 50% of LO and the upper limit value to be not more than 80% thereof. As for the
axial width Wa, it is preferable to set the lower limit value to not less than 5 mm and the upper limit value to not more
than 15 mm. In this respect, in view of the block rigidity, the axial width Wa is preferably held down to not more than
30% of the block width W0 of the block B0 in the tire axial direction.
[0017] In this respect, the concave portions 10 are preferably formed at block end edges Ei that face the circumfer-
ential main grooves 3 on the tire equator side (in the present example, the inner circumferential main grooves 3a) at
which large noises are generated and high drainage properties are required.
[0018] In the present example, a plurality of small grooves 11 are provided parallel to each other in the tire circum-
ferential direction on the bottom surfaces 10s of the concave portions 10 in order to hold down degradations in wet
performance after the concave portions 10 have worn out.
[0019] According to the present example, the small grooves 11 are string-like grooves extending at an angle θ of
30° to 90° with respect to the tire circumferential direction. In this case, it is preferable that one end of each small
groove 11 opens at a groove wall surface that faces the circumferential main grooves 3a. Each small groove 11 is
arranged in that its small groove width Wb in the tire circumferential direction is in a range between 0.3 to 4.0 mm, its
small groove length Lb in the tire axial direction is in a range between 0.5 to 1.0 times the axial width Wa of the concave
portions 10, and its small groove depth hb from the bottom surface 10s is in a range between 0.3 to 1.0 times the height
hc from the bottom surface 10s to the groove bottom of the circumferential main grooves 3a.
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[0020] Such small grooves 11 can improve the wet performance by performing cutting of water screens, absorption
of water and drainage upon being exposed to the grounding surface when the concave portions 10 have worn out.
Particularly when the one ends thereof are connected to the circumferential main grooves 3a as in the present example,
the drainage properties are enhanced so that it is possible to achieve further improvements in wet performance. The
small grooves 11 also improve the external appearance by being exposed to the grounding surface.
[0021] In this respect, the number n of small grooves 11 that are formed on the bottom surface 10s is preferably in
the range of the following equation (1). With this arrangement, it is possible to secure sufficient intervals between the
small grooves 11, 11 to thus reliably maintain the block rigidity.

[0022] Here, when the small groove width Wb is less than 0.3 mm, the small groove length Lb is less than 0.5 times
the width Wa, and/or when the small groove depth hb is less than 0.3 times the height hc, effects of improving the wet
performance will not be sufficiently exhibited. On the other hand, when the small groove width Wb is larger than 4.0
mm, the small groove length Lb is larger than 1.0 times the width Wa, and when the small groove depth hb is larger
than 1.0 times the height hc, this will lead to degradations in block rigidity so that it will be impossible to secure steering
stability. Particularly in the case where the small grooves 11 are string-like grooves as in the present example, it is
preferable to set the upper limit value for the small groove width Wb to not more than 3.0 mm and the lower limit value
for the small groove length Lb to not less than 0.7 times the width Wa.
[0023] The small grooves 11 may alternatively be formed as hollow dimples in which openings on the bottom surfaces
10s do not go through to the circumferential main grooves 3a and are discontinuous within the bottom surface 10s, as
illustrated in Figs. 5 and 6. It will similarly be possible to achieve improvements in wet performance and improvements
in external appearance with this arrangement by performing cutting of water screens and absorption of water even
though they are inferior to string-like grooves.
[0024] In this respect, it is possible to employ dimples, which are concaved in a columnar manner in the depth
direction with aperture configurations being constant or which are concaved in a semi-spherical manner or in a cone-
like manner, and the aperture configuration may be of a large variety of polygonal shapes besides a circular or elliptic
one. In the case of such dimples, it is preferable to set a lower limit value for the small groove width Wb to not less
than 1.0 mm and an upper limit value for the small groove length Lb to not more than 0.8 times the width Wa.
[0025] The present example illustrates a case in which concave portions 10 are formed only at block side edges Ei
as the concave blocks B0. However, it is also possible to provide, as illustrated in Fig. 7, a sub-portion 10B that extends
along a block end edge F facing towards the lateral grooves 4 at a main portion 10A extending along the block side
edge Ei as the concave portion 10. In such a case, it is preferable to limit a width Wd from the block end edge F of the
sub-portion 10B to be smaller than the axial width Wa of the main portion 10A and a length Ld of the sub-portion 10B
to be not more than 50% of the block width W0 in view of securing the block rigidity.
[0026] While a particularly preferred embodiment of the present invention has been explained in details so far, the
present invention is not to be limited to the illustrated embodiment but may be carried out upon modifying the same
into various forms.

EXAMPLES

[0027] Passenger car tires having a tire size of 195/65R15 that were based on the tread pattern as illustrated in Fig.
2 and having specifications according to Table 1 were manufactured by trial, and respective sample tires were tested
for wet performance, noise performance and steering stability. In this respect, specifications other than those of Table
1 were substantially identical for all tires.

(1) Wet Performance:

[0028] Sample tires were attached to all wheels of a domestic FF passenger car (displacement 2, 500 cc) to have a
rim of 1536JJ and an internal pressure of 220 kPa. The passenger car was then made to perform turning movements
on a course with an asphalt road surface having a radius of 100 m, with a puddle having a water depth of 5 mm and
a length of 20 m being formed thereon for measuring the generated maximum lateral G, which was indicated as an
index with the Comparative Example 1 (in a fresh condition) being 100. The larger the value, the better the performance.
In this respect, the wet performances were evaluated with fresh tires and at mid-terms of wear in which tires have worn
out to the bottom surface of the concave portions.

n ≤ La/(2xWb) (1)



EP 1 535 760 A1

5

10

15

20

25

30

35

40

45

50

55

5

(2) Noise Performance:

[0029] In-car noise when running on a smooth dry asphalt road surface at a velocity of 100 km/h by using the above
passenger car was evaluated through sensory evaluation of the driver in a ten-point method with the Comparative
Example 1 being 7. The larger the index, the better the performance.

(3) Steering Stability:

[0030] Steering stability when running on a smooth dry asphalt road surface by using the above passenger car was
evaluated through sensory evaluation of the driver in a ten-point method with the Comparative Example 1 being 7. The
larger the index, the better the performance.

[0031] Since the Example tires are formed with concave portions as indicated in the table, it can be confirmed that
the wet performance can be remarkably improved while maintaining the steering stability and holding down degrada-
tions in noise performance to minimum. Particularly in the case where small grooves are formed on the bottom surfaces
of the concave portions, it can be confirmed that high wet performances can be secured also in the mid-term of wear.

Claims

1. A pneumatic tire in which blocks, which are partitioned through circumferential main grooves extending in a cir-
cumferential direction of the tire and lateral main grooves in directions orthogonal thereto, are disposed at intervals
at a tread portion,

TABLE 1

Comparative
Example 1

Example 1 Example 2 Example 3 Example 4 Comparative
Example 2

Concave
portion

None Present Present Present Present Present

·Ratio (ha/H0) - 0.2 0.5 0.7 0.7 0.7
·Ratio (La/L0) - 0.4 0.7 0.9 0.9 1.0
·Width Wa
<mm>

- 2 10 20 20 20

Small grooves None Present
String-like
grooves

Present
String-like
grooves

Present
String-like
grooves

None Present String-
like grooves·Configuration - -

·Number of
grooves
formed
(pieces)

- 18 4 3 - 3

·Small groove
width Wb
<mm>

- 0.3 2 4 - 4

·Ratio (Lb/Wa) - 0.5 0.8 0.8 - 0.8
·Ratio (hb/hc) - 0.1 0.3 1 - 1

Wet
performance

·Brand-new
condition

100 108 111 115 114 118

·Mid-term of
wear

86 98 103 110 107 113

Noise
performance

7 7- 7- 6.5 6.5 5

Steering
stability

7 7- 7- 6.5 6.5 5.5
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wherein the blocks include, at block side edges that face the circumferential main grooves, concave blocks
including stepped concave portions extending along the block side edges,

wherein the concave portions have a depth ha from a block top surface that corresponds to 20 to 70% of a
block height H0 of the concave blocks, a length La of the concave portions in the tire circumferential direction that
corresponds to 40 to 95% of a circumferential length L0 of the block side edges, and an axial width Wa of the
concave portions of the tire of 2 to 20 mm.

2. The pneumatic tire as claimed in Claim 1, wherein each concave portion includes a plurality of small grooves
arranged in parallel in the tire circumferential direction on a bottom surface thereof, the small grooves having a
small groove width Wb in the tire circumferential direction of 0.3 to 4.0 mm, a small groove length Lb in the tire
axial direction of 0.5 to 1.0 times the axial width Wa of the concave grooves, and a small groove depth hb from
the bottom surface corresponding to 0.3 to 1.0 times the height hc from the bottom surface to a groove bottom of
the circumferential main grooves.

3. The pneumatic tire as claimed in Claim 1 or 2, wherein the number n of small grooves that are arranged in parallel
on the bottom surface satisfies the following equation (1) , namely

4. The pneumatic tire as claimed in any one of Claims 1 through 3, wherein the small grooves are string-like grooves
extending at an angle θ of 30° to 90° with respect to the tire circumferential direction.

5. The pneumatic tire as claimed in Claim 4, wherein each string-like groove is arranged in that one end thereof
opens at a groove wall surface facing the circumferential main grooves.

6. The pneumatic tire as claimed in Claim 4 or 5, wherein each string-like groove is arranged in that the small groove
width Wb is not more than 3.0 mm and in that the small groove length Lb is not less than 0.7 times the width Wa.

7. The pneumatic tire as claimed in any one of Claims 1 through 3, wherein the small grooves are dimples.

8. The pneumatic tire as claimed in any Claim 7, wherein the dimples have a small groove width Wb of not less than
1.0 mm and a small groove length Lb corresponding to not more than 0.8 times the width Wa.

9. The pneumatic tire as claimed in any one of Claims 1 through 8, wherein the concave portions are formed at the
block side edge located inside in the tire axial direction from among the block side edges on each side of the
concave blocks.

10. The pneumatic tire as claimed in any one of Claims 1 through 9, wherein the axial width Wa of the concave portions
is not more than 30% of a block width W0 of the concave blocks in the tire axial direction.

11. The pneumatic tire as claimed in any one of Claims 1 through 10, wherein each concave portion is composed of
a main portion extending along the block side edges and a sub-portion that continues from the main portion and
that extends along block end edges that face towards the lateral grooves.

n ≤ La/(23Wb) (1)
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